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The study of gas occurrence and seepage in sedimentary basins, mainly methane, is of significant interest for its role as a 
greenhouse gas and potential contribution to climate changes (Hovland et al., 1993; Houghton et al., 2001; Etiope, 2004; Judd, 
2004), as an important energy source and as a cause of natural hazards (Best et al., 2006). According to Best (2006), 
understanding these roles of methane gas requires the development of models of methane gas generation and gas fluxes, as well 
as the acquisition of reliable model input data, such as sediment accumulation rates, organic matter concentrations, amount of gas 
present, sediment shear strength, etc. Considering that the organic rich muddy sediments of estuaries and coastal lagoons are 
prime sources of methane gas (Kelley et al., 1995; Van der Nat and Middelburg, 2000), modern day estuaries and coastal lagoons 
are preferential objects for these studies on shallow methane gas generation and evaluation of gas fluxes to the atmosphere 
(Garcia-Gil, 2003; Duarte et al., 2007).  
 
The Ria of Aveiro is a recent barrier-lagoon system composed 
of a complex network of tidal channels, tidal flats, salt marshes 
and supra-tidal sand isles, located along the northwest 
Portuguese coast. The semi-diurnal tidal cycle is the strongest 
forcing mechanism in the dynamics of the Ria of Aveiro. The 
small water volume at low spring tides is 65x102 m3, and barely 
covers the main tidal channels. The tidal prism at spring tides is 
about 80x102 m3, and more than doubles the water mass in the 
lagoon, covering the extensive tidal flats and salt marshes that 
constitute the majority of the lagoon area (Teixeira, 1994).  
Early descriptions of possibly methane gas related phenomena 
in the lagoon area date back to the 1755 great Lisbon 
earthquake. The answers from local parishes to the Marquês de 
Pombal enquiries on the 1755 earthquake report that the Vouga 
river waters “boiled as if they were on fire” and that the waters 
from the Mira lagoon (at the south end of the Ria) “appeared to 
boil so hard that they would break at the lagoon shore as if they 
were sea waves” (Coelho, 2005; Oliveira, 2005); these tales 
may be explained by gas releases from seismically destabilized 
sediments. 
The first unequivocal direct observations of escape of biogenic 
methane from several drill holes in Quaternary sediments from 
the area surrounding the Ria of Aveiro were reported by the 
Portuguese Geological Survey in 1967 (Faria et al., 1967). 
Since then, similar evidence has been observed in other land 
wells for water exploration. More recent investigations with chirp 
and boomer high resolution seismic data in tidal channels of the 
Ria de Aveiro (Pinheiro and Duarte, 2003a; Pinheiro and 
Duarte, 2003b; Pinheiro et al., 2003; Duarte et al., 2007; 
Duarte, 2009) have shown extensive acoustic evidence of gas 
accumulation and seepage, including acoustic turbidity, 
enhanced reflections, acoustic blanking, domes and acoustic 
plumes in the water column (flares).  
The abundance of seismic data in the Ria of Aveiro, both in 
time and space allowed the quantitative investigation of the 
hypothesis that the tidal cycle affects the extent and distribution 
of seismic evidence of gas (Duarte et al., 2007; Duarte, 2009). 
Local changes in gas related seismic features as well as the 
data on amplitudes of the channel bottom reflections from the 
seismic profiles in the tidal channels of the Ria of Aveiro, 
provide very strong evidence that tides have an effect on the 
acoustic response of gas rich sediments (Figures 1 and 2; 
Duarte, 2009). In September of 2006, gas samples were 
collected from extensive bubble trains observed during falling 
tide in a docking pier (“Doca Pesca”) in the Ria of Aveiro. The 
analysis of the gas samples composition by chromatography 
revealed that the gas was mostly methane (J. Coutinho, 
personal communication). The gas bubbling in the “Doca 
Pesca” pier showed a similar pattern with tidal altitude to the 
one between amplitude strengths and tidal altitude. The gas 
bubbling started with falling tide and petered down as the tide 
turned and rose. This independent observation supported the 
hypothesis that bubbling and gas escape in the Ria de Aveiro 
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can be triggered by falling tide and that its effect is detected 




Figure 1. Comparison of approximately coincident chirp profiles 
P02 (a) and P03B (b) acquired in the Terminal Sul during cruise 
RIAV02A (Pinheiro and Duarte, 2003b), during high tide and low 
tide, respectively. Evidence for gas is stronger in the profile acquired 
during low tide, when compared with the profile acquired during high 
tide: amplitude of the reflections is stronger and acoustic turbidity is 
more abundant during low tide (adapted from Duarte, 2009). 
 
 
Figure 2. Box plots of unstandardized residual first break 
amplitudes at each tidal stage of the Chirp profiles acquired during 
cruises RIAV02 and RIAV02A, in the Cidade channel (Pinheiro and 
Duarte, 2003a; Pinheiro and Duarte, 2003b; figure adapted from 
Duarte, 2009). The residual data is expected to reflect changes in 
amplitude not related to energy reduction and attenuation processes 
linked to the distance of the signal source to the reflector (e.g. spherical 
divergence of the signal; for a detailed discussion see Duarte, 2009). 
Residual amplitudes for the Cidade channel have different biases 
according to the tidal stage, with greater than predicted amplitudes 
during low tide with maxima during ebb; residual amplitudes during 
flood are evenly distributed around 0; the lowest residual amplitudes 
occur mostly during high tide.  
 
The described effect of tides on gas bubbling and on the 
acoustic signal of gas will impact the mapped distribution and 
extent of gas evidence and its use to quantify gas volumes. The 
relative increase in reflections amplitude during tidal fall 
probably reflects changes of methane solubility due to 
decreasing pressure; either ebullition as observed in other parts 
of the lagoon or as observed in tidal marshes by other authors 
(e.g. Jackson et al., 1998), or changes towards resonant bubble 
sizes (Best et al., 2004) cause an increase in gas reflectors 
detected by the seismic systems and influence the 
interpretation of gas evidence. Either way, 4D surveying will be 
required to determine the impact of this semi-diurnal control on 
the extent and distribution of gas and, in particular, on the 
assessments of methane fluxes from lagoon sediments to the 
water column and to the atmosphere. 
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